Abstract: This article presents the results of a study on the content of selected trace metals (Pb, Zn, Cu, Cd) in soils near the main traffic routes of the Warsaw agglomeration. The aim of the study was to determine the extent of soil contamination with trace metals at different distances from the road (by the side the road and 50 meters away from the road). In the soil 50 m away from the road in £omianki 'low contamination' was found for zinc and 'elevated content' for copper according to the IUNG guidelines, but the amounts of the trace elements were not found to exceed the permissible levels as specified in the Regulation of the Minister for the Environment of 1 September 2016.
INTRODUCTION
Transport is one of the sectors of the economy in which very dynamic development can be observed (Kordel 2016) . The growing affluence of people is largely reflected in the increase in financial investments in tangible goods, such as the means of road transport (Kozanecka et al. 2000 , Biernat and Syta 2008 , Szyszlak-Barg³owicz et al. 2013 , Walczak and Chutko 2014 . The intensification of the movement of vehicles, especially on the exit roads from large urban agglomerations, causes traffic paralysis, the so called traffic jams. A consequence of this for the environment is the emission of toxic pollutants in the form of fumes and road dust containing trace elements that pose the most serious threat to the soils in the vicinity of traffic routes (Potarzycki et al. 1999 , Hofman and Wachowski 2010 , Czubaszek and Bartoszuk 2011 , Szyszlak-Barg³owicz et al. 2013 .
The content of trace elements in the soils in the neighbourhood of traffic routes is caused by (Malczyk and Kêdzia 1996 , Greinert and Greinert 1999 , Forman et al. 2003 , Bomze et al. 2007 , Czubaszek and Bartoszuk 2011 : organic compounds formed as a result of incomplete combustion of fuels, organic and mineral compounds used to supplement the composition of fuels and lubricants, material produced by the wearing of tyres, asphalt and heavily used automotive parts (brake linings and clutch discs), trace elements used to supplement fuels-Pb, oils and lubricants (e.g. Cu, Zn, Cd), leakage from damaged tanks and batteries, volatile compounds from exhaust pipes (e.g. SO 2 , NO x ), salt used for de-icing road surfaces and pavements.
The heavier gases and dust fall onto the roadway and the soil in the immediate vicinity, while the lighter ones are carried away over larger distances. The factors influencing the movement of pollutants from the atmosphere into the soil include atmospheric precipitation and wind intensity (Niedba³a et al. 2010) .
The trace elements contaminating the soil inhibit the activity of microorganisms living in it, thereby contributing to a reduction in their vital functionsdecomposition and transformation of organic substances (Becker et al. 2006 , Hander et al. 2012 , OciepaKubicka and Ociepa 2012 . The limited microbial activity in the rhizosphere has a negative effect on plants, inhibiting their normal growth and adversely affecting their resistance (Meers et al. 2007) . The form in which the trace elements are present affects their mobility and availability to plants. Using the resources of the soil through the root system, plants take up various elements, including heavy metals, which in turn causes the heavy metals to become part of the trophic chain (Fija³kowski et al. 2012 , Grobelak et al. 2013 .
The aim of the study was to assess the extent of soil pollution with trace elements near the main exit roads from Warsaw, depending on the distance from the road. 
MATERIALS AND METHODS
Analysis of soil samples for selected trace elements (Pb, Cd, Zn, Cu) was carried out for soils located near the exit roads from Warsaw, about 10 km past the city limits. The transects were shown in Table 1 and Figure 1 .
With the aim of assessing the variation in the content of trace elements in the soil with distance, soil samples were taken at right angles to the edge of the road in close proximity to the traffic route and 50 meters away from the road, from the surface layer of the soil (0-0.25 m). The sampling sites included the roadside strip (0 m) and wasteland (50 m). The soil samples were dried to an air-dry state. They were then ground in a porcelain mortar and sieved through a sieve with a mesh diameter of 2 mm.
The soil samples were analyzed for: pH -by the potentiometric method in 1 mol·dm -3 KCl solution using a SCHOTT pH meter, content of selected heavy metals: Cu, Pb, Cd, Zn after extraction in 1 mol·dm -3 HCl -by atomic absorption spectrometry (AAS) using a Thermo Elemental SOLAAR M6 spec- 
trometer, the total contentof selected heavy metals: Cu, Pb, Cd, Zn after wet mineralization in 14 ml of reverse aqua regia using a Milestone ETHOS-PLUS Microwave Labstation by atomic absorption spectrometry (AAS) using a Perkin-Elmer 2100 spectrophotometer.
The results were statistically analyzed using the method of one-way analysis of variance at a significance level of p = 0.05.
RESULTS AND DISCUSSION
The total permissible content of trace elements in wasteland soils (Class III) ranges from 10-1000 mg·kg -1 , and in soils near public roads (Class IV) 15-2000 mg·kg -1 (Regulation of the Minister for the Environment of 1 September 2016). Comparing the amounts of heavy metals in the analyzed samples with the current Regulation, it is found that they do not exceed the permissible levels for either wasteland soils or those next to public roads. Taking into account the natural levels of trace elements in soils classified as sands (for Zn -59.0 mg·kg -1 , Cu -23.5 mg·kg -1 , Pb -21.0 mg·kg -1 , Cd -1.0 mg·kg -1 ) (Czarnowska 1996) , elevated values were observed for the soils in £omianki (Pb -81.0 mg·kg -1 , Cu -41.4 mg·kg -1 , Zn -246.0 mg·kg -1 ), in Sêkocin (Cu -49.7 mg·kg -1 , Zn -191.0 mg·kg -1 ) and in ¯abieniec (Zn -102.0 mg·kg -1 ) ( Table 2 ). The remaining results fluctuated around the natural limits, or represented the natural content. Similar results for the lead content of soils next to National Road 7 had been obtained by Gworek et al. (2011) . The highest amounts of trace elements were accumulated by the soil in £omianki in close proximity to the edge of the roadway, and the lowest amounts by the soil in Terespol.
With increasing share of the form extracted in 1 mol·dm -3 HCl in the total heavy metals content in the soil their bioavailability to plants and mobility also increases (Niesiobêdzka and Krajewska 2008) . The average share of the form extracted in 1 mol·dm -3 HCl in the total heavy metals content in the soil changed in the following order: Cd<Zn<Cu<Pb (Table 3) . Similar relations had been obtained by Badora (1993) .
The content of the lead form extracted in 1 mol·dm -3 HCl was in the range 9.02-23.78 mg·kg -1 . The highest accumulation of this element was found in the soil in close proximity to the road in Sêkocin (23.78 mg·kg -1 ) and in the sample of soil 50 m away from the road in £omianki (23.27 mg·kg -1 ). The lead content in the soils at the roadside and 50 m away varied significantly, with the excep-FIGURE 1. Location of the soil sampling sites near the main exit roads from Warsaw (mapa.siskom.waw.pl) tion of the soil samples from Marki, where the values were similar for both samples (Fig. 2) .The all analyzed soil samples did not exceed the levels of lead recognized as natural content (Kabata-Pendias 1993, Kabata-Pendias et al.1995).
The contentof the cadmium form extracted in 1 mol·dm -3 HCl was in the range 0.08-0.34 mg·kg -1 . The highest accumulation of this element was found in the soil 50 m away from the road in £omianki (0.34 mg·kg -1 ), and the lowest near National Road 2 and Expressway S8 (0.08 mg·kg -1 ). The cadmium content in the soils at the roadside and 50 m away varied significantly, with the exception of the soil samples collected by the side of S8, where the values were similar for both samples (Fig. 3) .The analyzed soil samples did not exceed the cadmium levels recognized as natural content (Kabata-Pendias 1993, Kabata-Pendias et al.1995).
The contentof the copper form extracted in 1 mol·dm -3 HCl was in the range 4.53-28.04 mg·kg -1 . The highest accumulation of this element was found in the soil 50 m away from the road in £omianki (28.04 mg·kg -1 ), and the lowest in the soils 50 m away from the roads in Sêkocin, ¯abieniec and Marki, and in the soil sample by the side of No. 2 road (4.53-6.49 mg·kg -1 ). The levels of copper in the soils by the side of the road and 50 m away differed significantly in all locations (Fig. 4) . The analyzed soil samples exceed the Cu levels recognized as natural for the soil 50 m away from the road in £omianki and for the roadside soil in Sêkocin. These soils characterized of first degree (I°) contamination with copper -elevated content (Kabata-Pendias 1993 , Kabata-Pendias et al.1995 . The content of the zinc form extracted in 1 mol·dm -3 HCl was in the range 3.32-109.98 mg·kg -1 . The highest accumulation of this element was found in the soil 50 m away from the road in £omianki (109.98 mg·kg -1 ), and the lowest in the soils 50 m away from the roads in Sêkocin and Marki. The zinc content in the soils near the road and 50 m away varied significantly, with the exception of soil samples collected near the S8, where the values were similar for both samples (Fig. 5) .The analyzed soil samples exceed the level of Zn recognized as natural for the soil 50 m away from the road in £omianki. The soil is classed as second-degree (II°) contamination with zinc -low contamination (Kabata-Pendias 1993 , Kabata-Pendias et al.1995 . Impact of traffic routes on trace elements in soil
The accumulation of trace elements in the soils adjacent to the main exit traffic routes from Warsaw is directly related to the volume of traffic (Potarzycki et al. 1999) . The highest levels of harmful pollutants were found in the soils from £omianki, where the annual average daily traffic of vehicles is the heaviest, and the lowest near National Road 2, where traffic volume is the smallest. During peak hours, difficulties arise in the smooth passage of vehicles on the exit roads, which is associated with higher emissions of pollutants, particularly lead. Many older cars are not equipped with catalytic converters for reducing emissions of exhaust gases harmful to the environment (Hofman and Wachowski 2010). The dominant winds in Poland are from the directions W, NW and SW (geomatura.pl 2017), which means that pollutants are carried away mainly east of the roads. This relationship is particularly evident in the soils from £omianki. The sampling site represented an area where there were no barriers to the free movement of air masses, which contributed to the accumulation of lead, copper, zinc and cadmium in larger quantities in the soil 50 m away from the road than in the immediate proximity of it. CONCLUSIONS 1. The proximity of express roads contributes to the accumulation of trace elements in soil but the content of these elements in soil samples near exit roads from Warsaw usually did not exceed the permissible values. 2. The soil near the road in £omianki is most exposed to anthropopressure and 50 m away from the road the soil was characterized low contamination by zinc and elevated content for copper. 3. The share of trace elements extracted by 1 mol·dm -3 HCl in relation to the total content in the soil indicates that the most mobile is lead and the least mobile is cadmium.
